
1-Tetrathiafulvalenylferrocene and its derivatives have
been synthesized in moderate to good yields employing palladi-
um-catalyzed cross-coupling.  The oxidation potentials of the
title compounds revealed enhanced donor ability of the TTF
unit, whereas the donor ability of the ferrocene moiety
decreased markedly.  The radical-cation salts derived from 1-
tetrathiafulvalenylferrocenes are semiconductors.

TTF (tetrathiafulvalene) is known as a π-donor molecule,
and its CT-complex with TCNQ (tetracyanoquinodimethane)
shows high electric conductivity.1 Ferrocene is a famous
organometallic sandwich complex with donor properties,2 and
the CT-complex of decamethylferrocene with TCNE (tetracya-
noethylene) shows ferromagnetic properties.3 Thus, a donor
system containing both TTF and ferrocene units can be expect-
ed to behave like a bicephalous donor.4

Syntheses of 1–5 were carried out using the palladium-cat-
alyzed cross-coupling reaction as shown in Scheme 1.
Ferrocene was treated with Bu tLi (1.0 equiv) in THF at –78 °C
to form 1-lithioferrocene 6 which was converted into ferro-
cenylzinc chloride 7 by treatment with zinc chloride in THF.5

The cross-coupling reaction of 7 with iodo-TTF 8 in the pres-
ence of PdCl2(PPh3)2 (10 mol%) proceeded smoothly to afford
1 in 81% yield.6 Similarly, the reaction of 7 with BMT-TTFI 9,
EDT-TTFI 10, and EDO-TTFI 11 in the presence of
PdCl2(PPh3)2 (10 mol%) produced the corresponding TTF-fer-
rocenes 2, 3, and 4 in 82, 84, and 77% yields, respectively.  In
the case of 5, the reaction of 7 (5 equiv) with diiodo-TTF 12 in
the presence of PdCl2(PPh3)2 (10 mol%) afforded 5 in 67%
yield.  Although a mixture of cis- and trans-isomers of 5 was
synthesized using another procedure,7 pure trans-5 can be pre-
pared in a better yield using our method reported here.

The oxidation potentials of 1–5, TTF, and ferrocene meas-
ured by cyclic voltammetry are shown in Table 1.  The TTF-fer-
rocenes (1–5) show three reversible redox waves corresponding
to oxidation of TTF and ferrocene.  It is worth noting that the
first oxidation potentials (TTF → TTF+•) of 1 and 5 are slightly
smaller than that of TTF, reflecting enhanced donor ability of the
TTF moieties.  Since ferrocene can stabilize the neighboring car-
bocation, the TTF cation-radicals may be stabilized by the fer-
rocene moiety in 1 and 5.  On the contrary, the second oxidation
potentials (Fc → Fc+) in 1–5 decreased substantially as compared
to the oxidation potential of ferrocene, presumably due to the
effect of the neighboring cations.  The third oxidation potentials
(TTF+• → TTF2+) in 1–5 are also more positive than that of TTF,
reflecting larger interaction between the cations.

The structure of 1 was determined by X-ray analysis.8 The
TTF and ferrocene subunits in 1 possess their own structural
feature, and the two donor molecules in 1 are connected with
coplanarity of the cyclopentadienide ring and the tetrathiafulva-
lene unit.  As expected from the oxidation potentials, 1–5 form
CT-complexes with TCNQ, DDQ, and TCNQF4.8 However,
electric conductivity of these CT-complexes proved to be very
low like that of an insulator.

For preparation of the cation radical salts, 1–5 were oxi-
dized in an electrocrystallization cell in the presence of
Bun

4N
+X– by controlled electrolysis at constant current.  In the

case of I3
– and M(dmit)2

– salts (H2dmit = 4,5-dimercapo-1,3-
dithiole-2-thione), 1–5 were directly oxidized by mixing a solu-
tion of 1–5 with a solution of iodine.  Although the cation radi-
cal salts of 1–5 with ClO4

–, PF6
–, BF4

–, AuI3
–, I3

–, IBr2
–, and

I2Br– as the counter anions were insulators, the salts of 1–5 with
M(dmit)2

– (M = Ni, Pd, and Pt) were semi-conductors (Table 2).
Slow mixing of a solution of 1 and Ni(dmit)2·(Bun

4N)2 in
CH2Cl2 with a solution of I2 in CH2Cl2 formed single crystals.
The structure of 1·Ni(dmit)2 was determined by X-ray analysis.9

As shown in Figure 1, the TTF moiety in 1 and Ni(dmit)2 stack
face-to-face (3.34 Å). The cyclopentadienide ring and the TTF
unit show coplanarity with a torsion angle of 9.5°. The central
C–C bond distance of the TTF unit is 1.384(9) Å which is
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longer than that (1.35 Å) of the neutral TTF, whereas the aver-
age C–Fe distance in the ferrocene moiety is 2.04 Å similar to
that of the neutral ferrocene.  In addition, an edge of the TTF
ring and a double bond in Ni(dmit)2 are located closely with
distances of 3.5–3.6 Å.  Since TTF+• and Ni(dmit)2

–• form a
mixed-stacking column, dimeric Ni(dmit)2

–• may contribute to
show electric conductivity of 1·Ni(dmit)2 using a side-by-side
interaction.

In order to examine the intramolecular interaction between
the TTF and ferrocene moieties in solution, the electronic spec-
tra of the cationic species 3+•, 32+, and 33+ derived from 3 with
1, 3 and 5 equivs of Fe(ClO4)3, respectively, were measured in
CH3CN. Since the electronic spectra of 3+•, 32+, and 33+ were
measured in very diluted solutions over the concentration range
of 6.5 × 10–5 to 2.0 × 10–4, intermolecular π–π stacking of these
cationic species can be ruled out.10 As shown in Table 3, the
electronic spectrum of 3+• shows an intense absorption at 748
nm with a broad absorption at 1172 nm.  The peak at 748 nm is
assigned to the absorption of the TTF cation radical, and that at
1172 nm may be assigned to the CT-band based on the TTF
cation radical to the neutral ferrocene.  In contrast, the spectrum

of 32+ consists of the absorption band of TTF cation radical
without charge-transfer interaction.  The spectrum of 33+ corre-
sponds to that of TTF2+.  The longest absorption maxima of the
ferrocenium part in 32+ and 33+ may be concealed by the strong
absorption of the TTF cation radical and dication.

We have disclosed a novel electronic interaction of the
TTF- and ferrocene-moieties in the neutral and cationic states.
The cation radicals derived from 1–5 show ESR signals (g = ca.
2.011).  However, the instability of the corresponding dications
precludes study of the spin–spin interaction between the TTF+•

and ferrocenium ions in 1–5.  Further studies on the properties
of TTF+• and Fc+ ions are now in progress.
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